Introduction {#sec1-1}
============

Osteonecrosis of the jaw (ONJ) is a complication associated with antiresorptive medications (bisphosphonates and denosumab) and antiangiogenic drugs.\[[@ref1]\] Patients with lytic lesions associated with multiple myeloma and solid tumors of the breast, prostate, lungs, kidney, and colon receive these medications.\[[@ref2][@ref3][@ref4][@ref5][@ref6][@ref7]\] Although the exact mechanism for the development of ONJ remains unclear, many have hypothesized that this may be secondary to disruption of bony remodeling and angiogenesis inhibition precipitated by excessive local microtrauma in the presence of a microbiologically diverse oral environment, causing impairment of local healing.\[[@ref4][@ref8][@ref9][@ref10]\]

Several risk factors of ONJ have been identified which includes drug-related factors, i.e., type of drug, dosage, duration and mode of administration, comorbidities, steroid therapy, genetic factors, tobacco and alcohol use, etc.\[[@ref11]\] Parenteral administration of bisphosphonates for 3 years or more increases the risk of ONJ incidence 20 times.\[[@ref12][@ref13][@ref14]\] Dental intervention/surgery is one of the strongest risk factors of ONJ. More than half of the patients with ONJ had tooth extraction as a predisposing event.\[[@ref14][@ref15][@ref16]\] Periodontal and periapical surgery and dental implants in patients receiving intravenous (IV) bisphosphonate increase the risk of ONJ by 7 fold.\[[@ref7][@ref17]\] Dental screening and necessary dental care reduce the risk of ONJ by 50%.\[[@ref18][@ref19]\]

However, there is a lack of scientific literature on ONJ and its risk factors in India. Most studies are confined to case reports only.\[[@ref20]\] Thus, the present study was carried out to study the factors associated with ONJ and the time taken for onset of ONJ after initiation of antiresorptive medications at a tertiary cancer center in India.

Methodology {#sec1-2}
===========

Study design {#sec2-1}
------------

This was a retrospective cohort study involving review of patient case records.

Study setting {#sec2-2}
-------------

Kerala is a state in South India with a population of 33.4 million, spread over 14 districts. Kannur district is in northern part of the state with a population of 2.5 million.\[[@ref21]\] The incidence of cancer in Kannur is increasing with a crude incidence rate of 33.8/100,000, and the cancer care is being catered by both public and private health facilities.\[[@ref22]\]

### Specific setting {#sec3-1}

Malabar Cancer Center (MCC) is an autonomous institution under the Government of Kerala which was established in the year 2001 to provide state-of the-art oncology care to patients from Kerala and neighboring states such as Karnataka and Tamil Nadu. It caters to around 70,000 cancer patients every year.

Multiple myeloma and solid tumor patients with skeletal metastasis are routinely planned for initiation of antiresorptive medication to reduce pain and skeletal-related events by the medical oncologists. The department of dentistry and rehabilitation is involved in oro-dental screening and necessary dental treatments for all the registered cancer patients.

Study period {#sec2-3}
------------

This study was conducted from June 2016 to December 2016.

Study population {#sec2-4}
----------------

All multiple myeloma patients and patients with solid tumors who received antiresorptive medication during January 2011 to December 2014 at MCC and were followed up for at least 1 year were included in the study.

Exclusion criteria {#sec2-5}
------------------

Patients who died or were lost to follow up within 1 year of initiation of antiresorptive medication and those with previous history of radiotherapy to head and neck region were excluded from the study.

Operational definitions {#sec2-6}
-----------------------

### Osteonecrosis of the jaw {#sec3-2}

According to the American Academy of Oral and Maxillofacial Surgeons,\[[@ref11]\] Patients may be considered to have medication-related osteonecrosis of the Jaw (MRONJ) if all of the following three characteristics are present:

Current or previous treatment with antiresorptive or antiangiogenic agentsExposed bone or bone that can be probed through an intraoral or extraoral fistula (e) in the maxillofacial region that has persisted for more than 8 weeksNo history of radiation therapy to the jaws or obvious metastatic disease to the jaws.

Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"} represent the clinical and radiographic picture of MRONJ.

![Time to develop osteonecrosis of the jaw among patients taking zoledronic acid at a tertiary cancer center in Kerala, India, 2011--2015](CCD-9-35-g001){#F1}

![Clinical presentation of osteonecrosis of the jaw of right posterior mandible in a 70-year-old patient on zoledronic acid (edited photograph of patient \[not included in the study\] after getting duly signed consent)](CCD-9-35-g002){#F2}

### Antiresorptive medication {#sec3-3}

Medications inhibit bone resorption and/or favor bone mineralization and bone regeneration.

### Oro-dental screening {#sec3-4}

Screening included evaluation of intraoral soft-tissue health, dental health status, periodontal condition, and status of the restorations and/or prosthesis.

### Dental intervention {#sec3-5}

Dental care provided by surgical or nonsurgical approaches.

Data collection {#sec2-7}
---------------

Unique Hospital Identification Number (UHID) of all the patients who received antiresorptive medication during the study period was collected from the Medical Oncology Department, MCC, Thalassery. Subsequently, patient case records were retrieved from the medical record division with the help of the UHIDs. Data were extracted from patient case records into data abstraction form. Demographic (age and sex) and clinical (comorbidities, primary disease, any dental intervention, steroid use, cumulative drug dosage, development of ONJ, date of start of treatment, and date of diagnosis of ONJ) variables were collected.

Data entry and analysis {#sec2-8}
-----------------------

The collected data were double entered and validated using EpiData entry v3.1 and analyzed using EpiData analysis v2.2.2.182 (EpiData Association, Odense, Denmark). Chi-square test and *t*-test wherever applicable were used to study the role of sociodemographic and clinical variables in the development of ONJ. A cumulative plot was drawn to describe the timing of development of ONJ after starting on antiresorptive medication.

Ethics approval {#sec2-9}
---------------

The study was ethically approved by the Institutional Scientific Committee at MCC and The Union Ethics Advisory Group, Paris, France. Data were extracted from routinely filled patient case records without the name or any other personal identifiers.

Results {#sec1-3}
=======

Among 183 patients on IV zoledronic acid (ZA) and followed up for 1 year, 15 developed ONJ. Only 2 patients underwent dental screening before starting medication (data not tabulated). Dental intervention emerged as a significant risk factor for the onset of ONJ (*P* \< 0.001). Median (interquartile range) duration and cumulative dosage of ZA for the onset of ONJ were 14 (10--23) months and 56 (40--92) mg, respectively. Intake of steroids (*P* = 0.12) and comorbid diabetes (*P* = 0.8) failed to show a statistically significant association with the onset of ONJ. The median time of onset time for ONJ was 683 (429--1169) days \[[Table 1](#T1){ref-type="table"}\].

###### 

Factors associated with development of osteonecrosis of the jaw among patients on zoledronic acid at Malabar Cancer Center, Thalassery, Kerala, India, from 2011-2014

![](CCD-9-35-g003)

[Figure 1](#F1){ref-type="fig"} shows that 50% of the cases of ONJ developed within 483 days of starting antiresorptive medication.

[Table 2](#T2){ref-type="table"} shows the detailed patient-wise clinical profile, treatment, and follow-up status of patients taking ZA who developed ONJ.

###### 

Clinical profile of patients on zoledronic acid who developed osteonecrosis of the jaw at Malabar Cancer Center, Thalassery, Kerala, India, from 2011-2014

![](CCD-9-35-g004)

Figures [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"} represent the clinical and radiographic pictures of ONJ related to bisphosphonates.

![Orthopantamograph of a 58-year-old female with osteonecrosis of the jaw or mandible at right posterior mandible in relation to tooth 45. The thickening of lamina dura, a classic feature of osteonecrosis of the jaw, is evident. (Edited OPG of patient not included in the study; retrieved from medical records after administrative approval)](CCD-9-35-g005){#F3}

Discussions {#sec1-4}
===========

The retrospective study analyzed the drug-related and dental-related factors related to ONJ in patients on ZA therapy. The cumulative drug dosage or drug administration duration was not showing any difference in the two groups. The effect of drug type could not be assessed as all the patients received a single type of drug. More than 50% of the patients who developed ONJ had some form of dental interventions after initiation of the drug.

The higher incidence of ONJ in breast cancer patients (5%) and multiple myeloma patients (8%) is in consensus with the study by Vandone *et al*.\[[@ref19]\] The primary disease was insignificant as in other studies.\[[@ref12]\]

Published literature suggests that the risk of ONJ increases with dosage and duration of drug administration.\[[@ref2][@ref3][@ref4][@ref5][@ref12][@ref13]\] All our patients received ZA ranging from 5 to 33 months with a mean onset duration of ONJ at 15 months. Exclusion of patients who did not complete a minimum 1-year follow-up might be the reason for the statistical insignificance.

Dental screening before initiating antiresorptive medication and regular dental monitoring reduces the risk of ONJ.\[[@ref23][@ref24]\] The screening and necessary dental treatment would minimize the need for any surgical dental procedures later. Restorative and endodontic treatment and oral prophylaxis can be done safely in patients on antiresorptive medications. Dental extractions, dental implants, periodontal disease, poorly fitting dentures, and bony exostoses are the precipitating risk factors for ONJ.\[[@ref12]\] Our sample (99%) lacked dental screening which might have necessitated dental extractions (45%) in due course that resulted in ONJ. A study by Montefusco *et al*. suggested that prophylactic antibiotics before and during dental procedures may reduce the risk of developing ONJ.\[[@ref25]\]

Our data are also in consensus for site of ONJ.\[[@ref12][@ref24]\] Less vascularity and dense bone of the mandible might have triggered the onset of ONJ. After any dental surgeries, a minimum healing period of 3 weeks is suggested before starting antiresorptive medication.

The study being a retrospective record review has got its inherent defects in the design. Lack of in-house dental treatment facility than at our center did not provide any oro-dental screening or oral care instructions for the patients. The effect of drug type could not be assessed as all the patients received ZA alone. Missing entries in patient\'s record might have excluded the patients too.

The greatest strength of the study is that it could be used as a baseline data upon which further prospective trails can be planned. Most of the published studies are related to Western population and our data will provide an insight to the risk factors among Indian population. These data may be extrapolated for initiating a standard protocol for dental care of patients planned for antiresorptive medications at our center. Thus, the incidence of ONJ and the possible need for discontinuation of medications can be certainly avoided. The risk factors and treatment strategies for ONJ need for discontinuation of the medication and overall patients' response to cancer treatment should be put for further study prospectively

Conclusion {#sec1-5}
==========

Dental intervention after initiation of antiresorptive medication is a significant risk factor for the onset of ONJ. Duration and dosage of ZA therapy were not related to the development of ONJ. Dental screening and necessary dental treatment before initiation of the drug should be a mandate.
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